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An Impcoved MaaTifaotore oE Efhm fram Olefins. 



We, ScAinJAKD AiroHDi. CJompakt, a 
Corporation dul^ organiaed and axiating 
under tie laws of die State of Delaware, 
United States of America, having an 

5 office at 26, Broadway. Neew Yoii, New 
YorL United States of. America, do 
hereby decbtfe tKe nature of this inven- 
tion and in what nuuaner .the same ia to 
be perfonnedj to be partionlady described 

10 and ascertained in and the following 
i?tatement ;— " \_ 

The object of this iiivention is tiie pro: 
dttction of etieis from olefins, partacu- 
larly isopropyl ether from propyfane by 

15 ca^vzing me hydration of the olefin in 
a r^tivdr weak solution of an add 
e^ble of bringing about olefin 
hvdiatioiu 

'It is well known to saturate a CMnoen- 
30 ttited awd absorbent with olefin to pro- 
duce a reactive add liquor compriring 
alkyi esteis wid nnreacted add; to dilute 
tiie rwwfeion acid liquor with water to 
hydcttlyxe Ae esters fanning a mijetore of 
25 a very small amoimt of ether, alcohol and 
acid, holding mixture at elevated tern- 
peratuie to increase yield of ether, distil 
oS the other and aJcohol and finally to 
separate the oAer from the dcohol by 
30 ftactaonation. It is also known to circu- 
late propylene gas through a Body of add 
liquor by which means a portion of the 
propylene is hydiated direct to ether and 
alcdiol, the etheer being removed from 
35 the <»talytic body along with unreacted 
propyteio" from which the ether is 
leooveted by condensation. The chief 
difflculty with the last described process 
is that.due to the vapor pxeasure of the 
ether, only a very limited amount of the 
olefin can be converted to ether per pass. 

The catalytic material gcneidly used 
for the fijrraation of reactive acid liquors 
is sulphuric add, although othw oatdytic 
matetialB can be used as, fox exwnplej 
phtmhoric add» hydrodiloric acid md 
aoetw add, as can aqueous adutions of 
saMa such as anc chloride and ataminium 
ohkride, of oraoentration such as will 
80 fom reactive add ILquorB. 

It w also known that when olefins are 
reacted wiih relatively dilute oatalvtio 
material, mstea d of a mixture of 'alkTi 
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eaters and xmreacted catalytic material 
being formed, alkyl esteis, alcohols and 
ethers are fonned, and afbw the lapse of 
a definite time the reaction attains an 
equilibrium. Instead of olefins and add, 
alcohol and acid may be reacted to form 
the reactive add liquor. 

The process foxniing the subject of the 
present invention ia of the kind wherein 
the olefinic gases are passed through a 
catalytic add liqupr such as a solution of 
sulphuric acid capable of reacting with 
6mm at an elevated temperature and 
pressure to form a reactive acid e xtrac t, 
ether brfng removed from the add extract 
by distillation at a reduced pressure and 
at a temperature whioh may be similar to 
that of the absorption tempMature. Such 
a process is dfflcribed in prior Specificar 
tion No. 403,654. 

According to the present inviantion the 
add extract is partially stripped by con- 
ducting it to a zone maintained at a tem- 
perature substantiaJly equal to tiiat of the 
olefin absorption zone but of a reduced 
and preferably a substantially^ atmo- 
sphrac pressure where ike ether is volar 
tUiaed together with a small proportion 
of alcohol to form an ether-alcohol mix- 
ture and a partially stripped extract. 
The ether is separated from tiie Ulcoho^ 
which is returned to the partiaLb stripped 
extract and there is added to the extract 
an amount of water equal to that utilised 
in the production of the ether, whereupon 
the restored alcohol-containing extract is 
returned to the olefin absorption zone. 
By operating in this manner a high rate 
of conversion of olefin into ether per pass 
of the olefin is obtdned. 

hx practising tins invention, olefins are 
advantageously passed into an absorption 95 
tower containing a catalytic add liquor 
such Ba has be«i previously described and 
maintained at a temperature and ptessmce 
that will cause a rapid hTdration of the 
olefin. The olefin remaming unreacted 100 
after passing through the absorption 
tower is returned to the feed line far 
recycling through the absorption tower. 
The saturated extract is removed frojn the 
bottom of the absorption towei and lOD 
passed mto a flash stripping tower main- 



55 



60 



65 



70 



75 



80 



85 



90 




703 418 0332 



P. 02 



5-lS-OO; 9t59AM;ClTIS REEDFAX 



;703 418 0332 



2 



635,111 



tamed at atmospIieEio piressure, the teui- 
pecatuie f which ui held M-ithin 
the Imits 90**— 105* C, preferably 
96O-,100** C. Here substantiaUy all of 

5 the ether and smap quantities of the 
alcohol aud water are volatilized leaving 
aa extract which contains practically all 
of the remaining olefin as alcohol or 
alkyl ester in the acid catdyst. The 

10 extract stripped of ether is then diluted 
with sufficient water to replace the wat-er 
removed by the fonnatloil of ether and 
that taken overhead torn the flash .strip- 
pmg still and is retomed to the top of the 

16 absorption tower. In oasra where pure 
ether is desired, the vaporous etheK 
alcohol mixture is riemoved from the flash 
tower and proce^ed to septate the ether 
£rom the alcohol bv methods well known 

20 to- the art. This alcohol is then returned 
together with the stripped extract to the 
top of the almorption tower. The acid 
extract stripped of ether ift more efficient 
in oonvertiog olefin to ether than if fcesh 

25 catjd^-.were always, fed into the top of 
the ab^rption tower. 

ThB invention will he more fully under- 
stood when, read with reference .to the 
accompanyiiig drawings^ wherem 

30 Kg. 1 fihowB a diagrammatic view in 
sectional etevation of an . . apparatus 
adapted to carry oiit the process of the 
invention .using subBtanMally pure olefin 
as the feed gas, and indicates the flow of 

-86 materials, aim, ' . 

Fig. 2 ahoiv'B a similar view wherein a 
mixtore of saturated and unsaturated 
hydrocarbons is used as the feed sas. 
' .'Referring to Fig, 1. numeral 1 repre- 

40 sents a feed pipe carrying subgtantiallj 
pure olefin to tiie bottom of absorption 
tower 2. The absorption tower may be 
of any convraxtional type to hold the 
- absorption * medium, either plat« or 

45 packed, and is maintained at a tempera- 
ture above 30f C, preferably 80"*— 120** 
and at a pressure above 2 lbs. gauge pres- 
sure (corresponding to the u^inimum 
temparature of 30° GO- preferably 

50 150— SOO^ lbs., to give a rapid hydration 
reaction with the hydration catalyst. Any 
unabsorbed olefin is . removed from the 
top of ihe tower through line 3 and 
returned to the bottom of the tower 

65 throu^ feed line 1. For purposes of 
filustotion, tower 2 is filled with sul- 
phuric aoid of less than 84% strength, 
preferably 50% to 70%, although dfluto 
solutions gf^any of the previously 

60 enumerated catalysts might be used/ The 
dssoEcption mediHui ^d the olefin react 
to &m a reactive add extract which is 
a-.mxxture of lefin^ acid., ether, alcohol 
aiid alkyl estee. This extract is wil^- 

66" drawn £cQni tdwer- S throng line i and 



conducted to tower 5. Tower 5 is a strip- 
ping still of the film heater type, for 
example, a packed tower. The saturated 
extract entOTUg tower 5 through line « ic- 
allowed to flow down the tower aud ether 70 
and small amounts of alcohol are 
vuiioriised off the top. About 15% of the 
ether-alcohol mixture leaving tower 5 is 
alcohol when operating under pMerred 
absorption conditions. The eth«r-alcohol 75 
mixture is conducted through line 6 to an 
ether-alcohol separator y. The partially 
stripped reactivB add extract is reraov^ 
from "tower 5 'l^ugh line T, sufficient 
water to make up that used in the forma- 80 
tion of ether is adddl through Ime 8 and 
the extract is returned to the top of tower 
2." The alcohol recovered from the ether- 
alcohol separator 9 is returned through 
line 11 to line 7 and thus to t-he top of 85 
the absorption tower. 

The diWbwre in the preceding paia- 
graph concerns 'an apparatus and process 
adapted to convert substantially piure 
olefins to ether. Sjabetantially pure BO 
olefins, however, are rjot. always avail- 
able, and it has been found that with 
very little modificarion ' " the iwune 
principles utilized in converting sub- 
stantially pure olefin to et-her may be ^5 
utilised in converting the olefin in a mix- 
ture of gases . to ether. In. Fig,. 2, 
numeral 12 represents the inconiing feed 
line carrying a mixtiue of g^vses to tlie 
bottom of fSbsorption tower 13. Alworp- 100 
tion tower 15 corresponds in all respectR 
to the absoriJtion tower 2 - of Fij!. 1 
described above. Numeral 14 repretfents 
"the Ihie by which waste gases are removed 
from absorption tower 13* Flasli towei* 105 
16 corresponds to tower 5 ot* Fig. . 1 and 
functions accordingly us described above. . 
Lines 15 and 17 of Fig. 2 correspond tv 
lines 4 and of Fig. i and funcriou 
similarly. The partiaUy stripited t^xtratt 110 
is withdrawn from tower -.16 through line 

21 whetre it is divided, a iuajor part flow- 
ing through line -22 and the remuiuder 
through line 23. The flow through liu*f 

22 is augmented by the condensed nk*i.»hui lio 
from the ether-alcohol separator 18 and 
stripping still 26, suflScient watei^ is iuMeA 
through line 24 to repLu*e the water u^d 

in the formation of ether and the ivhok 
is returned to a iwiut midw^ay of the 120 
absorption • tower 13. The partialiy 
stripped extract flowing through line 23 
is conducted to a place near the top of 
the towear 25. T wer 25 is a i«tripping 
still f eitiier the ^n steam or heated 125 
coil tv'pe. In still 25 the pifftiall}' 
strippeil extract is completdy $i^pped of 
all alcohol which is taken oil through line 
36, condensed in condenser 27- and 
returned to the system through line 22^ 130 
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The completely stripped acid is removed 
from still 35 through Ime 28, recon- 
ditioned, if necessary, in a concentrator 
(not shown) and returned to the top of 

5 absorption tower 13, By operating in 
this maimer, full advantage is taken of 
the itrinciple of flashing off the ether ffom 
the acid extract without Ibss of olefin 
because the &esh add entering the- top 

10 of tower 13 removes substantiaUy aU ot 
olefin from the gas taken off through 
line 14, 

ExAJiCprJc: 
300 ew's of ftO% HflSO* were charged to 

15 an absorber and brought to: 100* C. Sub- 
stantially pure propylene was then passed 
throngh'the acid for a period of one hour, 
the pressure being maintained «t IW lbs. 
■ gauge. At the mi of the hour there was 

20 obtained 1050 co s of reactive acid liquor. 
Upon analysis, (that is, by dilution with 
H,0 followed by distillation) 200 cc's of 
this extract gave 32 oc'e isopropyl ether 
and 111 cc's of alcohol. The remaining 

25 cc's of extract was flash stripped at 
95o_100° C. and atmospheric pressure, 
giving as a distillate 105 cc*s of di-iso- 
propyl ether, 21 cc's of isopropyl alcohol 
and water. This corresponds to a 

30 recovery of ether of 77%. The stripped 
extract was analyzed and found to contain 
4.5 cc*8 ether and 64.5 cc's alcohol per 
100 cc 8 of extract. 
330 cc's of the stripped extract. 

So togeflier with 16 cc's of water, were 
charged back to the absorber and per- 
mitted to react with propylene for one 
hour at 100** C. and 190 lb8./sq. in. pres- 
sure. An analysis of this extract gave 

40 74.5 co's of ether and 335.5 oc's of alcohol 
in the extract. At the rate of 4*5 cc's 
ether per 100 oo*s extract charged, there 
were charged to the absorber 24 cc s of 
ether. There was obtained from the 

45 estxact 74.5 co's of ether or a total of 
50.5 co's etiier over that charged. Based 
upon the 64.5 oc's per 100 cc's of extract, 
there ware charged to the absorber 
334 ec s of alcohoL The extract, after 

50 reaction witii propylene for one hour, 
yielded 336.5 oc's ^cohol showing the 
formation of only 1.5 cc's of idcohoL 

The 520 oc's of stripped extract ohaiged 
to the absorber as described above con- 

55 tain 2.22 mols of HJSO4. Anothw run 
was made using 2.22 mols of H^04 in 
the form of 60% freah add, absorbing 
propylene for one hour at 100° C, and 
190 Ibs./sq. in. preesure. This run 

60 yielded nly S3 cc*8 of isopropTl ether 
vrbkh is a materially reduced yield when 
compared with th 50.5 cc's of ether 
fomm when stripped extract was used as 
the absorption mecuunk 

63 The preoeding spedflcation, 1^ the 



d^ta showing the results obtained by tiie 
use of the present invention^ show its 
character and value over present practice 
but they are: for 'illustrative purposes 
only and are not to be construed aa 70 
imposing undue limitations upon the 
claims which are to be coni^ned bs 
Ittoadly as the prior art will permit. 

iSaving now particularly described and 
ascertained the nature of our sfidd inven- 75 
ti^m aixd in what manner the same is to 
b& performed, we declare that, what we 
daim is * 

1. A process for the production of 
ether from a substantially pure olefin or 80 
from gases containing ol^ns, which com- 
prises passing the gases through a cata- 
tytio add liquor capable of reacting with 
oldSnes to form a reactive acid extract, 
said add liquor being maintained at a 85 
temperature above 30° G. and at a corre- 
spondingly elevated pressure above 2 lbs. 
per aq. in. gauge pressurei such as to 
cause rapid hydration of the olefin, con- 
ducting the acid extract to a zone inain- 9fr 
tained at a temperature substantially 
equal to that of the absorption £one but at 

a reduced and preferably atmospheric 
pressure where the ether in the reactive 
acid extract is volatilized together with a 95 
smaQ proportion of the alcohol to form an 
ether-alociol mixture and a partially 
stripped extract, separating the ethur 
from the alcohol and returning alcohol to 
the partially stripped extract, restoring 100 
the exta»ct by replenishing the .water in 
the extract utilized in the production of 
ether and returning restored aloohol-con- 
taining extract to the absorption zone. 

2. A process as dahned in Claim 1, 105 
wherein the catalytic add liquor for 
reacting with define to form a reactive 
add extract is sulphuric add of less than 
84% concentration and preferably from 
50% to 70%, 110 

3. A process as claimed in Ckim 2 for 
the production of isopropyl ether from 
gases containing propyleue, wherein the . 
gases are passed through 60% sdphurio 
aoad in an absorption zone to form the 115 
reactive add extract, said sulphuric add 
being maintained at 100^ C. and at a 
pressure above 72 lbs. per sq. in. 

4. A process as claimed in any of 
dabns 1 to 3, wherein the restored eicfiract 120 
is returned to the absorption zone at a 
point above the incoming gas inlet. 

6. A process for producing isopropyl 
ether accordiug to Qmm 3 or to Claim 4, 
in which the partially stripped extract 126 
from the low pressure zone is divided into 
two portions, preferably into a majtw and 
a mmor portion, the minor portion being 
completdy stripped of alcohol and other 
olefin hydration products, e.g. (mters, 130 
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